We present here a possible high-flux photon-pair source constructed by single lithium niobate optical superlattice (OSL) with a combined quasi-periodically and periodically poled structure, which is from the principle of electrically induced parametric down conversion (PDC) after second-harmonic generation (SHG), predicted by the united theory developed in this paper, in which SHG, PDC and electro-optic (EO) effect are comparably treated as two-order nonlinear effects. In the OSL, the epolarized fundamental frequency photons are first converted to double frequency ones with the same polarization; then the PDC process is triggered by EO effect when the fundamental frequency photons are almost exhausted; finally, the double frequency photons are converted again to a series of two-photon pair of fundamental wave. It is demonstrated that at 100 o C, in a applied electric field, a 100MW/cm 2 , 1080 nm laser beam can be translated to a flux of high-purity two-photon pairs with a conversion efficiency close to 100%; and for a longer OSL the pump intensity can be further lowered. The device can also act as an ultra-low field electro-optic switch. 
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Introduction
Quantum entanglement plays a key role in quantum information science and has attracted lots of attention. The entanglement light is one of important resources in this realm, which is with potentially useful applications from quantum communications, including cryptography [1] and dense coding [2] , to quantum teleportation [3] , "entanglement swapping" [4] and quantum computation [5] . Spontaneous [6] [7] [8] and seed injected [9, 10] , using an applied electric field to control both polarization and magnitude of the second harmonic, was presented [34] . Besides, QPM materials have also been used for efficient generation of photon pairs [13, 16, 35] . In this paper, we present a principle to integrate two functions including SHG and PDC into single LN OSL therefore yield squeezed light that could be turned into entangled light beams by using a 50/50 Y-type single mode fiber optic beam splitter [35] . The basic idea of the principle is as follows: construct such an OSL with an applied electric field, in which the double frequency process is performed at first and then the PDC process is turned on when the fundamental frequency photons are almost converted to double frequency ones; finally, the double frequency photons are converted again to a series of two-photon pair of fundamental wave. The key step is utilizing EO effect to trigger the PDC process.
The united theory of SHG, PDC and EO effect
To discuss our principle we first develop a wave coupling theory describing the united effect of EO, SHG and PDC in a PPLN or/and quasi-periodically poled LN (QPPLN) OSL following the idea involved in Ref.s [36, 37] instead of that including the use of refractive index ellipsoid theory in Ref. [34] . In the united theory SHG, PDC and (EO) effect are comparably treated as two-order nonlinear effects. Figure 1 shows a schematic diagram of SHG and PDC in the OSL controlled by an applied electric field, where the propagation direction and the polarization of pump wave are along the x -axis and z -axis of the OSL, respectively. And the applied dc electric field 0 E is along the y -axis of Section 1 of the OSL; F is a filter, only allowing e-polarized fundamental wave to pass. Section 1 and 2 represent QPPLN and PPLN, respectively. When the pump wave is injected into the OSL, multi-effects including EO coupling [38] and frequency conversions [39] appear simultaneously if there exits an external electric field. We take EO effect as the second-order nonlinear one as did Ref. [36, 37] . So, corresponding to each monochromatic component of light i
, the total second-order polarization should involve a part describing the EO effect such as 
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where is the structure function that is +1 or -1 for the positive or negative domains of the OSL, respectively. The right side of each equation includes two parts: the bracketed stands for SHG and PDC; and the others refer to EO effect. When the external electric field is absent, the coupling equations (1)- (4) reduce to the familiar wave coupling equations describing SHG or PDC.
High-flux photon-pair source from electrically induced parametric down conversion after second harmonic generation in single OSL
We now use Eqs. (1)- (4) to find a OSL that satisfies our requirement. As well known, the key to QPM in OSL is to design a structure that provides a set of reciprocal vectors to compensate for the mismatches of wave vectors owing to the dispersion of refractive index. In general, the one-component periodic structure can provide one reciprocal vector to compensate for one mismatch of wave vector, but in special case, the first-order and third-order reciprocal vectors of the structure can simultaneously compensate for the phase mismatches of second-harmonic and sum-frequency effects, respectively [41] . The two-component quasi-periodic OSL providing two reciprocal vectors has been proved useful to some coupled parametric processes such as the direct third-harmonic generation [25, 26] . One can see, from Eqs. (1)- (4), that in general, there exist six mismatches of wave vectors relative to SHG, PDC and EO effects. For our purpose, however, we need only to take account of two compensations for 
) ( ) ( ) ( One can see from Fig. 2 that the applied electric field can effectively control the parametric processes in OSL. For the case of zero electric field, OSL as a whole plays a role of frequency doubler and only the SHG takes place since in this case three coupling Eqs. (8) - (10) reduce to two ones describing SHG (please note that the coupling equations describing PDC are formally the same as those of SHG). The e-polarized fundamental frequency (pump) photons are only converted to second harmonic ones with the same polarization [ Fig. 2(A) ]. But for a properly weak electric field, for example, 30V/mm, due to the compensations of a k Δ and f k Δ two processes including SHG and EO effect take place synchronously in the first section of OSL and the PDC process occurs in the second section of OSL after SHG and EO effect [ Fig. 2(B) ]. In the first section of OSL a large portion of e-polarized fundamental frequency photons are converted to double frequency ones with the same polarization and a very small portion of them are turned into o-polarized fundamental frequency photons by EO effect. At the double frequency photons are almost fully converted to a series of fundamental two-photon pairs still with e-polarization through PDC. Actually, in the OSL the second harmonic only plays a role of intermedium. When further increasing the electric field, for example,
, the EO effect becomes stronger, which might obstruct the generation of pure two-photon pairs of e-polarized fundamental wave, because the e-polarized fundamental seeds for PDC is much more than that at lower electric field. For the process of degenerate PDC described above, the Heisenberg equations of motion are [44] 
which lead immediately to
where ω ω ω 
Equation (15) tells us that a pair of fundamental photons is consequentially created when a double frequency photon disappears. And Eq.(14) tells us that at any moment, the increase of photon number of fundamental light is always the double of the decrease of photon number of double frequency one. Since at the beginning of parametric downconversion, the seed of epolarized fundamental one is so weak relative to the double frequency one that it can be ignored; the e-polarized double frequency photons and residual o-polarized fundamental ones can be conveniently removed by a band-polarizing filter F, the fundamental output will consist mainly of photon pairs. The output can be coupled to a 50/50 Y-type single mode fiber optic beam splitter to separate the twin photons [35] . Two output beams of the splitter are then directed into two single mode fibers that are so long enough that their output beams become very weak, in which the photons do not overlap with each other. The two weak are introduced to passively quenched LN 2 cooled germanium avalanche photodiodes (Ge-APDs) operating in Geiger mode for detecting [35] . The coincidence rate can be obtained by using two onechannel analyzers [45] . In a word, applying a properly weak electric field on an OSL with appropriate structure and length, pumped by a laser beam, we can get a source of high-flux and high-purity two-photon pairs. The further calculation indicates that if a longer OSL is used the intensity of pump beam can be lowered for performing the same function. For example, for an . One can see in fact that the device can also act as an ultralow field electro-optic switch, which requires much lower field ( mm V / 10 ) than that of traditional one with half-wave field ( ). The second harmonic also only plays a role of intermedium in the device.
Conclusion
In conclusion, a united wave coupling theory describing SHG, PDC and EO effect in PPLN or/and QPPLN OSL has been developed in this letter to the best of our knowledge for the first time, which shows a principle for constructing a high-flux photon-pair source from electrically induced PDC after second-harmonic generation in single OSL. It is demonstrated that at 100 o C, in a , 1080 nm laser beam can be translated to a flux of high-purity twophoton pairs with a conversion efficiency close to 100% ; and for a longer OSL the pump intensity can be further lowered. The device can also act as an ultra-low field electro-optic switch, which requires much lower field ( mm V / 10 ) than that of traditional one with halfwave field ( ) [38] . It can be used as Q switch [46, 47] or low-driving-power and high-speed optical switch in optical communication network or optical signal-processing system.
